In 1988, the World Health Assembly launched the Global Polio Eradication Initiative (GPEI) [1] . Most countries in the World Health Organization African Region (WHO-AFRO) began polio eradication activities in 1995 [2] . Full implementation of certain elements of the eradication strategy, such as achieving high routine vaccination coverage with at least 3 doses of oral poliovirus vaccine (OPV) in children aged <1 year, National Immunization Days with OPV, and acute flaccid paralysis (AFP) surveillance, did not begin until 1999 or later in the Democratic Republic of the Congo (DRC) because of civil unrest [2] [3] [4] [5] [6] [7] . Until 2001, DRC was endemic for wild poliovirus (WPV) transmission, reporting frequent outbreaks, and was considered a reservoir for WPV and an exporter of virus to other countries [3] [4] [5] [6] [7] [8] [9] . From 2001 to 2005, no WPV cases were reported in DRC, and the interruption of WPV transmission was assumed [2, 6, [10] [11] [12] [13] [14] [15] [16] [17] [18] . However, between 2006 and 2011, outbreaks of WPV type 1 (WPV1) and type 3 (WPV3) were reported in 10 of 11 provinces as a result of importations, ultimately from neighboring Angola [17] [18] [19] [20] [21] [22] [23] [24] [25] [26] [27] [28] . Outbreaks of vaccinederived poliovirus type 2 (VDPV2) were documented during 2004-2012 [20, 21, [28] [29] [30] [31] [32] . After epidemic investigation and response, the outbreaks ceased, with the most recent confirmed WPV case reported in Maniema province with an onset of 20 December 2011 and the most recent confirmed VDPV2 case in Katanga province with an onset of 4 April 2012 [31, 33, 34] .
Weaknesses in DRC's AFP surveillance have raised concerns about the system's ability to detect all WPV transmission [22, 23, 26, [35] [36] [37] [38] [39] [40] [41] [42] [43] [44] [45] [46] [47] [48] [49] [50] [51] . Additionally, analyses of genetic sequences from WPV1 isolates from Burundi (from 2009) and Katanga province, DRC (from 2010), and their comparison to sequences from DRC WPV1 isolates from 2006 to 2008, strongly suggest a period of undetected WPV1 transmission in the east of DRC from approximately mid-2008 to mid-2010 [21-23, 27, 36, 47-49, 51] . Consequently, since 2011 the country has focused on strengthening AFP surveillance at the lowest operational level (ie, the zone de santé [ZS] ) [44] . This report presents an analysis of the country's AFP surveillance performance at the national, provincial, and ZS levels for 2010-2012 and outlines measures taken by the Ministry of Public Health (MOH) and its GPEI partners to improve the system's functioning, sensitivity, and quality.
METHODS

Case Classification
All AFP cases reported to the MOH-DRC and WHO-DRC with symptom onset during 1 January 2010-31 December 2012 were reviewed. AFP cases meeting the standard WHO definition of any child <15 years of age with AFP, or any person of any age with clinician-suspected poliomyelitis, as well as the expanded case definition for those ≥15 years of age used in DRC for all persons presenting with sudden and severe difficulty breathing with no prior history of asthma or cardiac disease, were classified according to WHO-AFRO guidelines [52, 53] . AFP cases were classified (WPV1, VDPV2, compatible, or discarded [discarded cases are non-WPV, non-VDPV, and noncompatible cases and are also referred to as nonpolio AFP, or NP-AFP, cases]) per definitions in the WHO-AFRO guidelines; VDPV2 cases were defined as AFP cases with stool specimens from which Sabin type 2 virus was isolated with >5 nucleotide differences in the VP1 coding region compared to the parent Sabin type 2 vaccine virus strain [32, 53] . No cases of WPV2, WPV3, VDPV1, or VDPV3 were confirmed in DRC during the years reviewed [22] [23] [24] [25] [26] [27] [28] [29] [30] [31] [32] [33] [34] .
Surveillance Indicators
Performance of AFP surveillance was evaluated by calculation of standard WHO-AFRO AFP surveillance indicators [53] . Indicators were calculated nationally, as well as for the 11 provinces and each ZS, the lowest operational level for AFP surveillance reporting. In 2010 and 2011, DRC had 508 functional ZS and 512 in 2012.
The NP-AFP rate, an indicator of surveillance sensitivity, was calculated as the number of discarded cases reported in individuals aged <15 years per 100 000 population under the age of 15 years (<15 years of age population) using age-group, national, province, ZS, and year-specific population figures obtained from the MOH-DRC and WHO-DRC as projections from the 1984 national census [53] . The annual target for the NP-AFP rate is ≥2 NP-AFP cases <15 years of age per 100 000 <15 years of age population [53] . Assuming that the true NP-AFP rate is 2 cases per 100 000, the probability that no NP-AFP cases would be notified by a given ZS in 2 or 3 years during 2010-2012 was calculated with ZS-specific annual population figures assuming the number of cases follows a Poisson distribution. A probability of ≤0.10 was considered to be an indicator of possible weaknesses in AFP case detection and notification.
Other key AFP surveillance indicators were calculated in terms of the annual percentage of AFP cases fulfilling a given criteria among all AFP cases. These included (1) percentage of AFP cases with 2 stools collected ≤14 days after the date of paralysis onset; (2) percentage of AFP cases with stool that arrived at the national laboratory in "good condition," defined as arrival with ice or a temperature indicator of <8°C in the shipping container, adequate stool volume of >8 grams, and no evidence of leakage or desiccation; (3) percentage of AFP cases with "adequate stool," defined as having 2 stools collected ≤14 days of paralysis onset and for which the stool was in good condition; and (4) percentage with a follow-up exam ≥60 days after paralysis onset among those for whom a ≥60-day followup exam was indicated (those whose stool was negative for WPV and VDPV and with stool that was not adequate) [53] . A goal of ≥80% for each indicator was defined to achieve surveillance targets [53] .
SAS software version 9.3 and Excel version 2010 were used for data analysis. Maps were created using ArcGIS version 10.1.
RESULTS
Nationally in 2010, 2011, and 2012, respectively, 2196, 2273, and 1867 AFP cases were reported from DRC's 11 provinces combined ( Table 1) . Most of the 2010 cases were in children aged <15 years (97%), but lower percentages were reported in children in this age group in 2011 and 2012 (85% and 89%, respectively). Of note, during 2010-2012 a lower percentage of AFP cases in the <15 years of age group occurred in Bandundu, Bas Congo, and Kinshasa compared with other provinces.
The majority of ZS notified at least 1 AFP case (90%, 92%, and 91% in 2010, 2011, and 2012, respectively) in the years under review (Table 1) . Equateur and Province Orientale had the lowest percentage of notifying ZS in 2010 at 81% and 78%, respectively; Equateur had a higher percentage of non-notifying ZS with small <15 years of age populations (85% under 50 000) compared to Province Orientale (50% under 50 000) ( Table 1) . By 2012, Equateur increased its percentage of notifying ZS to 97% compared to Province Orientale, which remained relatively constant at 81%. Among the non-notifying ZS during 2010-2012, 24 ZS from 6 provinces did not report an AFP case (or consequently a NP-AFP case) during 2 of the 3 years; more than half of these 24 ZS (13/24 [54%]) had <15 years of age populations of <50 000 in 2012 (Table 2) . Considering the annual <15 years of age population of each ZS, the probability that no NP-AFP cases would be notified in 2 of the 3 years between 2010 and 2012 if the actual rate was 2 per 100 000 is presented in Table 2 . The ZS from Nord Kivu and Sud Kivu, one of the 7 ZS in Equateur and 5 of the 12 ZS from Province Orientale had probabilities of ≤0.10.
Baka ZS (Katanga province) and Doruma ZS (Province Orientale) did not notify an AFP (or NP-AFP) case during any of the 3 years under review; the respective probabilities of this were 0.45 and 0.16 (Table 2) .
In 2010, 100 WPV1 cases were reported from 5 provinces, and in 2011, 93 WPV1 cases were reported in 6 provinces. Among these were 5 cases in 2 provinces and 27 cases in 4 provinces of WPV1 in individuals aged ≥15 years in 2010 and 2011, respectively. No WPV cases were reported in 2012 (Table 3 and Figure 1 ).
Nineteen VDPV2 cases occurred in 4 provinces in 2010 [32] . All VDPV2 cases reported in 2011 and 2012 were from a geographic cluster of 7 ZS in central Katanga province (Table 3 and Figure 1 ) [31, 32, 34] .
A higher number of compatible cases were reported in 2012 (43 cases from 10 provinces) relative to 2010 (24 cases from 6 provinces) and 2011 (37 cases from 10 provinces) (Table 3 and Figure 1 ). Figure 1 illustrates, by ZS and by 3-month period of paralysis onset in 2010-2012, the occurrence of WPV1, VDPV2, Nationally in 2010-2012, the annual objective of ≥80% of all AFP cases having 2 stools collected ≤14 days after the date of paralysis onset was met for each year. In each of the 3 years, the majority of provinces met the objective, improving from 8 and 7 provinces in 2010 and 2011, respectively, to 10 of 11 provinces in 2012, with Katanga not achieving the objective in any of the 3 years (Table 5) .
In all years nationally and in all provinces, with the exception of Bandundu in 2010, the percentage of all AFP cases with stool in good condition surpassed the annual objective of ≥80% and had a trend of annual improvement (Table 5) .
From 2010 through 2012 at the national level, there was a gradual increase (from 73% to 83%) in the annual percentage of AFP cases with adequate stool; however, the annual objective of ≥80% was met only in 2012 (Table 5 ). The number of provinces meeting the objective increased from 2 to 3 and then to 9 in 2010, 2011, and 2012, respectively. Adequacy remained below the annual objective for Bas Congo and Katanga for all years.
The annual percentage of AFP cases receiving a ≥60-day exam among those for whom an exam was indicated increased substantially at the national level from 10% in 2010 to 51% in 2011 to 73% in 2012 (Table 5) . By 2012, 5 of 11 provinces achieved the ≥80% objective, whereas in 2010 and 2011 no province had at least 80%.
DISCUSSION
DRC has a functional AFP surveillance system that operates despite challenges such as a large national geographic expanse, zones with chronic insecurity and inaccessibility, and a lack of capacity and infrastructure [1, 22, [47] [48] [49] [50] [51] . The system has sustained the capacity to detect WPV and VDPV2 outbreaks in numerous provinces [2] [3] [4] [5] [6] [7] [8] [9] [17] [18] [19] [20] [21] [22] [23] [24] [25] [26] [27] [28] [29] [30] [31] [32] . It has been continually supported by GPEI technical partners, working at the national, provincial, and ZS levels, which also monitor the system's functioning and progress via weekly situation reports that present analyses of the country's AFP surveillance indicators [1, 34, 49] . AFP cases were reported to the system from each of DRC's 11 provinces in each year during 2010-2012. Nationally, in 2011 and 2012, there were higher percentages of AFP cases ≥15 years of age compared to 2010. Bandundu, Bas Congo, and Kinshasa reported higher percentages of cases in this age group compared to all other provinces in all years under review. These were the same 3 provinces that had the highest numbers of WPV1 cases ≥15 years of age in 2010 and 2011, perhaps leading to a greater vigilance for AFP among older individuals. It is noteworthy that in 2011, in response to the occurrence of WPV1 cases in individuals ≥15 years of age, the MOH-DRC adopted an expanded AFP case definition that refers to AFP surveillance in persons in this older age group; this expanded definition remains as national policy [52] .
Nationally, the number of AFP cases declined between 2011 and 2012, and the NP-AFP rate experienced a declining trend through the years under review; however, the annual objective of 2 NP-AFP cases <15 years of age per 100 000 persons aged <15 years was met each year. At the provincial level, excepting Nord Kivu in 2012, all provinces met the NP-AFP rate objective in all years; however, 10 of 11 provinces had lower NP-AFP rates in 2012 compared to 2010. Because it is difficult to know if these results represent normal fluctuations or signs of declining surveillance performance, trends in AFP case notification and NP-AFP rates should be closely monitored [49] [50] [51] .
With the exception of Maniema, the <15 years of age population in each of DRC's provinces exceeded 1 million in the years under review; thus, an analysis of AFP case notification and of NP-AFP rates at the ZS level is essential for evaluation of surveillance. The overall percentage of ZS notifying at least 1 AFP case per year remained stable at approximately 90% in each of the 3 years under review; however, among the ZS notifying at least 1 AFP case, the percentage of ZS with a NP-AFP rate of ≥2 declined at the national level from 87% in 2010 to 75% in 2012. Declines in this percentage were also noted in all provinces between these years. Thus, although AFP cases are being detected in the majority of ZS, the numbers of cases notified are suboptimal in certain ZS, some having sufficient populations to meet minimum annual surveillance objectives [53] .
In Equateur in 2010 and 2011, the majority of ZS that did not notify AFP (or consequently NP-AFP) cases in the year had <15 years of age populations of <50 000. For ZS with small populations, it is not improbable to observe zero NP-AFP cases in a given year; for example, if the true NP-AFP rate is 2 per 100 000 population aged <15 years and the <15 years of age population is 50 000, the probability of zero NP-AFP cases is 0.37 (assuming a Poisson distribution). Six ZS in Equateur did not notify an AFP (or NP-AFP) case in 2010 and in 2011. For all 6, the probability that no NP-AFP cases would be notified during both years was >0.10. Baka ZS (Katanga province) and Doruma ZS (Province Orientale) did not notify an NP-AFP case during any of the 3 years under review; the respective probabilities of this were 0.45 *Good condition is defined as the arrival of stool specimens to the national laboratory with ice or a temperature indicator of <8°C in the shipping container, adequate stool volume of >8 grams, and no evidence of leakage or dessication. **Adequate stool is defined as 2 stools collected ≤14 days of paralysis onset and for which the stool was in good condition upon arrival at the national laboratory. ***Inadequate stool is that which was not adequate. Abbreviations: AFP, acute flaccid paralysis; VDPV, vaccine-derived poliovirus; WPV, wild poliovirus.
and 0.16. These analyses suggest that, in the aforementioned ZS, small population size might account for the lack of AFP case notification, rather than solely weaknesses in surveillance; however, AFP case detection in these ZS, and others with similar populations, should be monitored closely. In Province Orientale, 11 ZS did not notify any AFP (or NP-AFP) cases during 2 of the 3 years under review. For 5 of the 11 ZS, the probability of this occurrence was ≤0.10, suggesting that their lack of NP-AFP cases might have been due to surveillance weaknesses rather than small population size. It is of note that 4 of the 5 ZS are geographically clustered around the city of Bunia, a region of Province Orientale that has experienced chronic insecurity. This example emphasizes the importance of improving the detection of NP-AFP cases in ZS where the population is sufficient for at least 1 case annually [49] [50] [51] .
Over the 3 years under review, improvements occurred in the annual percentages of AFP cases with 2 stools collected ≤14 days after the date of paralysis onset and of AFP cases with stool in good condition, with the latter indicator at ≥93% in all provinces and 99% nationally in 2012. The improvements in the 14-day indicator were not of the same magnitude as that of stool condition, and in 2012, only 2 of 11 provinces were >90% for the 14-day indicator; because 99% of all AFP cases notified in all years had 2 stools collected (data not shown), it is the inability to collect both stools in ≤14 days after paralysis onset that seems to drive deficiencies in this indicator. Collection of stool after the 14-day window decreases the likelihood that WPV or VDPV is still being excreted if the AFP case is indeed infected [53] . The collection of even 1 of the 2 stools beyond the 14 days automatically categorizes an AFP case as not adequate, necessitating a ≥60-day exam and analysis by the National Polio Expert Committee (NPEC) [53] . Data collected during rapid surveillance field reviews in DRC in 2012 (described in more detail below) indicate that at least some of the delay in the collection of stools occurs because AFP cases often present to the health system late (ie, close to, or more than, 14 days after the onset of paralysis) [45, 46] .
The number of compatible cases increased in 2012 relative to 2010 and 2011, which could be a result of the greater percentage of eligible AFP cases having had a ≥60-day exam and analysis by the NPEC. Of interest are the relationships in time and place of the occurrence of compatible cases with outbreaks of WPV1 in Bas Congo, Katanga, Kinshasa, and Maniema in 2010-2011 and with the VDPV2 outbreak in central Katanga in 2011-2012. Because these compatible cases had stools that were not adequate, their true status with regard to infection with a WPV or a VDPV and the magnitude and duration of the above-mentioned outbreaks can never be known. Such uncertainty can be avoided if DRC continues its improvement in the percentage of AFP cases with adequate stool. There has also been a continuing annual occurrence of compatible cases in Province Orientale and Sud Kivu. In line with recommendations of the GPEI's Independent Monitoring Board, DRC's surveillance system should be improved, to reduce the numbers of compatible cases [54] .
Since 2009, when the country was categorized as having reestablished WPV transmission and following the documentation of evidence for undetected WPV transmission in the east, DRC has taken specific steps to strengthen its AFP surveillance [1, 21-23, 27, 44, 55] .
In January 2011, DRC and its GPEI partners prepared an emergency action plan that had the goal of interrupting WPV transmission in 2011 [47, 56] . The plan focused on 6 highpriority provinces and proposed activities related to advocacy to the government, implementation of high-quality polio supplementary immunization activities with OPV where indicated, strengthening of supervision and of routine immunization with OPV, and the conduct of desk and field reviews to assess the quality of AFP surveillance.
During 2010-2012, >100 national and international consultants, including those from the Stop Transmission of Polio (STOP) program, were deployed to the ZS and provincial levels for periods of several months to a year for surveillance capacity building, active AFP case search, supportive supervision, and technical assistance with outbreak response [1, 57] .
Since 2012, tracking systems have been established for monitoring the conduct of 60-day follow-up exams for AFP cases with stool specimens that were not adequate and for monitoring the shipment of stool specimens from the provinces to the national laboratory in Kinshasa.
The system has benefited from AFP surveillance desk reviews conducted in 2011-2013 at the national level by external GPEI partners [42] [43] [44] 47] . During these reviews, AFP surveillance data were reviewed, indicators calculated and evaluated, and recommendations made for system strengthening. In addition, AFP surveillance field reviews were conducted by external and internal GPEI partners in Bandundu, Bas Congo, Equateur, Katanga, Maniema, and Province Orientale in 2012 [45, 46] . The field reviews were conducted in ZS where there had been recent WPV1 cases, where AFP surveillance indicators indicated weaknesses, or where there was a history of nonnotification of AFP cases. The observations made during the field reviews corroborate conclusions drawn from this analysis of national case-based AFP surveillance data. Namely, whereas AFP surveillance indicators, such as NP-AFP rates, at the national and provincial levels might meet standard objectives, the sensitivity of the system at the ZS, particularly the level of detection of AFP cases, their timely presentation to the health system, and the collection of 2 stool specimens ≤14 days after the date of paralysis onset, is suboptimal in certain ZS. During the field reviews, the opportunity was taken to discuss these elements of AFP surveillance with ZS staff.
In 2012 and 2013, >1000 MOH ZS-and provincial-level surveillance officers in DRC's 11 provinces were provided with training on AFP surveillance. In addition to technical material on polioviruses, case definitions, specimen collection, and data analysis, an emphasis was placed on the importance of regular and active AFP case searches and of the full engagement of the private sector, nontraditional health providers, nongovernmental organizations ( particularly in areas of civil unrest), and the community in AFP surveillance.
CONCLUSIONS
During 2010-2012, national and provincial trends in timely stool collection, stool condition, adequate stool, and 60-day follow-up exams all showed improvement. Maintaining these improvements and strengthening AFP case detection at the ZS will provide supportive evidence for the apparent interruption of WPV and VDPV2 transmission in DRC [58] . The continued strengthening of AFP surveillance is imperative, and future instances of undetected WPV transmission must be prevented [21-23, 27, 49-51] . New undetected WPV transmission and/or outbreaks would be a setback for a country that has recently made tremendous progress toward implementing polio eradication strategies [41, 50, 51] . In March 2013, DRC was removed from the list of countries with reestablished transmission due to the absence of confirmed WPV cases in 2012 [58] . DRC needs to assure that communities and the private sector are sensitized to and active in AFP surveillance so that all AFP cases are identified and reported to the health system as soon as possible after paralysis onset [54] . Moreover, in areas of insecurity and inaccessibility (chronic and acute), the engagement of local partners and the use of innovative strategies are necessary to assure that surveillance is operational and sensitive in all places at all times. The process of certification of polio eradication will require documentation of surveillance that is adequate for the early detection of transmission. DRC should continue its trend toward reaching this goal.
Notes
